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Abstract 

We compute the expectation values of both the time-like and the light-like Wilson 
loops in a strongly coupled plasma of (p+ l)-dimensional Yang-Mills theories using 
gravity/gauge theory correspondence. From the time- like Wilson loop we obtain the 
velocity dependent quark-antiquark potential where the dipole is moving through 
the plasma with an arbitrary velocity < v < 1 and also obtain expressions for 
the screening lengths. When the velocity v — >■ 1, the Wilson loop becomes light-like 
and we obtain the form of the jet quenching parameter in those strongly coupled 
plasma. 
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1 Introduction 



AdS / CFT correspondence [U, El E] and its generalizations jl] help us to access the non- 
perturbative regimes of SU(iV) gauge theories at large iV simply from the low energy, 
weakly coupled string theory in certain backgrounds. Wilson loops are non-perturbative 
objects in gauge theories and the precise prescription for the computation of its expec- 
tation values using AdS/CFT correspondence has been given in [51 EJ [7J [8] . In strongly 
coupled gauge theories of interacting quark-gluon plasma, Wilson loops can be related to 
various measurable quantities in heavy ion experiments in RHIC or in LHC For exam- 
ple, the expectation value of a special time-like Wilson loop can be related to the static 
quark-antiquark potential [9] in a moving quark-gluon plasma. On the other hand, the 
expectation value of a particular light-like Wilson loop can be related, among other things, 
to the radiative energy loss of a parton or the jet quenching parameter [TO] . 

The velocity dependent quark-antiquark potential of a dipole moving with an arbitrary 
velocity through the hot quark-gluon plasma including the screening length [TTJ [121 EES EH] 
as well as the jet quenching parameter [T5l 116^1 have been calculated when the plasma is 
described by D — 4, J\f — 4, SU(iV) Yang-Mills theory using AdS/CFT correspondence^. 
It is of interest to see how the various quantities change if we consider Yang- Mills theories 
in other dimensions which are non-conforma|§. So, in this paper we start from the non- 
extremal Dp-brane solution [20], a particular decoupling limit [21] of which defines the 
gravity dual of the (p + l)-dimensional SU(A r ) Yang-Mills theory at large N. We then 
apply the fundamental string probe approach and compute the Nambu-Goto world-sheet 
action for this background. The expectation value of the required Wilson loop corresponds 
to the above minimal area whose boundary is the loop in question [5]. We consider both 
the time-like as well as light-like Wilson loops. We first compute the time-like Wilson 
loop when the velocity of the dipole is arbitrary but less than 1. From there we obtain 
the quark-antiquark potential of a dipole moving through the (p + l)-dimensional Yang- 
Mills plasma by performing numerical integration. This gives us exact quark-antiquark 
potential at different values of its velocity. This was known previously for p = 3 in [T6] . 
but here we obtain in addition the results for p = 2, 4 and 5 as well. We have also plotted 
both the quark-antiquark separation and the potential for various values of p at a fixed 
velocity to see the differences. Next we compute the screening length of the dipole not 

3 Also see [17] for a recent review. 

4 Jet quenching parameter in various other theories have been obtained in |18j . Also the drag force on 
a moving quark have been calculated in |19j . 

5 Non-conformal theories have also been considered, among other things, in [12] and we thank Makoto 
Natsuumc for bringing this reference to our attention. 
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only at the leading order (as obtained in [12]), but also at the higher order in velocity 
and give their analytic expressions. Higher order results were known only for p = 3 in 
[T6] and the leading order in other p's in [12] (the leading order results of the screening 
lengths for general p were first obtained in this paper), but here we calculate the higher 
order corrections in screening lengths for p = 2 and 4. We have given the results for p = 3 
also for comparison. Then we calculate the jet quenching parameter from the light-like 
Wilson loop, i.e. by taking the velocity going to 1 limit of the previous calculation. Our 
calculation is a careful rederivation of the jet quenching parameter by the method used 
in [16] for p = 3 applied to other p's. 

This paper is organized as follows. In section 2 we compute the time-like Wilson loop 
and from there obtain the quark-antiquark potential as well as the screening length of 
the dipole moving through the (p + l)-dimensional Yang-Mills plasma with an arbitrary 
velocity. In section 3, we give the derivation of the jet quenching parameter from the 
light-like Wilson loop. Finally, we conclude in section 4. 



2 The q-q potential and the screening length 

Using AdS/CFT correspondence, we calculate in this section the expectation value of 
the time-like Wilson loop of the (p+ l)-dimensional Yang-Mills theory by calculating the 
Nambu-Goto action of a fundamental string in the background of a non-extremal Dp- 
brane in a particular decoupling limit. From this we will obtain the velocity dependent 
quark-antiquark potential and the screening length of the dipole. 

The metric (given in the string frame), the dilaton and the form- field of the non- 
extremal Dp-brane solution of type II supergravity are given as [20J , 



ds 2 = H^i^fd^ + ^dx^+Hl^+r^nl^ 

e 2(0-<M = # V, F [p+2] = coth a dH- 1 A dt A dx 1 A ... A dx p (1) 

Here the functions H(r) and f(r) are defined as, 

Hlr) = 1+ r£*tfa t /(r) = l-g (2) 

where r and a are two parameters related to the mass and the charge of the black Dp- 
brane. There is an event horizon at r = r$ and = g s is the string coupling constant. 
The form-field F[ p+2 ] has to be made self-dual for p = 3. In the decoupling limit we zoom 
into the region, 

r^ p <r 7 - p <r 7 - p sinh 2 a (3) 
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So, a is a very large angle and we can neglect 1 in H(r), i.e., 

H{r) « (4) 
and the metric now takes the form, 

^ = ~r^~— — (-/*» + £><)A + + (5) 

r 2 sinh a \ t=i / r 2 •> r 2 

Along with the other field configurations this is the gravity dual of (p + l)-dimensional 
finite temperature SU(iV) Yang-Mills theory [21]. We use open string as a probe and 
consider its dynamics in this background. Let the line joining the end points of the open 
string, i.e., the dipole lie along x 1 -direction and move with an arbitrary velocity < v < 1 
along x p -direction. Since the dipole lies perpendicular to its direction of propagation, so p 
must be greater than 1. Now we can go to the rest frame (t', x p ') of the quark-antiquark 
by boosting the coordinate system as, 

dt = cosh rj dt' — sinh rj (dx p )' 
dx p = — sinh t] dt' + cosh 77 (dx p )' (6) 

where the boost parameter rj is related to v as tanhr; = v. In this frame the dipole is 
static and the quark-gluon plasma is moving with velocity v in the negative x p -direction. 
The Wilson loop lies in the t'-x 1 ' plane and we denote the lengths as T and L in those 
directions. We further assume T L such that the string world-sheet is time translation 
invariant. Using in the metric (jSJ) we get, 



7-p p— 1 

T 2 



ds 2 = -A(r)dt 2 -2B(r)dtdx p + C(r)(dx p ) 2 + ^(dx* 



,!\2 



r 2 sinh a %=\ 

7—p 7— p 

r n 2 sinh a dr 2 r n 2 sinh a 

+ ^^- — dn 2 



7-p r ~ 3-p >*&lig_ p 

f 2 J 7" 2 



where 



G^dx^dx" (7) 



1=Z \ r 7~p 

r 2 sinh a 

r-p 

B(r) = 7 _ p ° sinh 77 cosh 7/ 

sinh a 



C(r) 



Z^£ / 7-p ■ i 2 

r 2 / r sinn r/ 



— \ r 7 ~P 

r 2 sinh a 
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Also note that since we will be using the primed coordinates from now on, we have dropped 
the 'prime' in writing (J7J) for brevity. We will evaluate the world-sheet Nambu-Goto action 
given by, 

S = J dadr^-detgap (9) 
in this background. Here g a p is the induced metric on the world-sheet 

g a p = p (10) 

with £ a = r, a for a = 0, 1 respectively. We choose the static gauge condition for 
evaluating ([§]) as, r = t, a — x , where —L/2 < x 1 < L/2 and r = r(er), x 2 (a) = x 3 (a) = 
■ ■ ■ = x p (a) = constant. r(er) is the string embedding we want to determine with the 
boundary condition, r(±|f) = r A. Using these in (Q, we get 



s T 



2na' 



[L/2 




/ da 


A(r) | 


/-L/2 





r 2" r 2 sinh a (d a r^ 2 



7—p 1 7 — p r 

,r 2 sinh a r 2 ^ 



2 

(11^ 



Now defining new dimensionless variables y = r/r , and also a = cr/(r sinh a), £ = 
L/(ro sinh a) = AttLT/ (7 — p), where T is the Hawking temperature that can be obtained 
from the non-extremal Dp-brane metric in (pQ) as T = (7 — p)/(4nr sinh a), the action 
(jTTj) reduces to, 

s = ^ f 2 ^ = T&xM*p± r daC (12) 

io 7r(7-p)5=^ 

where 

k / 7/2 \ 

(13) 



with = dy/da. Here we have used the fact that y is an even fuction of a by symmetry. 
Note that in writing the second expression in (fT2|) . we have used the standard formulae 

r^ p sinh 2 a = d p g^ M Na' 5 - p = d p Xa' 5 ~ p 
7 -p 

r sinha = — — (14) 

4:711 

where d p = 2 7 ~ 2p 7r^~ 3p ^ 2 T((7 - p) /2) and A = g$ M N, the 't Hooft coupling, N being the 
number of Dp-branes which in gauge theory is the rank of the gauge group. In the above 
p has been assumed to be less than 5. We will mention about p = 5 and 6 later. Also 
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note that in the second expression of (fT2l . we have omitted the 'tilde' in a for brevity. 
y(cr) is determined by extremizing ( [12"]) . Now since the Lagrangian density given in ( Tl"3]) 
does not depend explicitly on cr, we have 

U = L-y'f- = ^ P -cosh 2 , = congt (15) 

V H^-cosh 2 ^)^^) 

2 

As explained in [16] for D3-brane, we will consider two cases: (i) In this case, cosh 7 -p rj < A 
and then take A — > oo. So, the rapidity t] remains finite. The Wilson loop in this 
case is time-like and the action is real. We will compute the quark-antiquark potential 
and the screening length for this case in this section, (ii) In this case, initially we take 

2 

cosh 7 -p rj > A and then take r] — > oo keeping A finite. The Wilson loop in this case would 
be light-like and the action is imaginary. We will take A — > oo at the end and obtain the 
expression for the jet quenching parameter. This will be considered in the next section. 

2 

For case (i) when cosh 7 -? rj < A and the action is real, let us denote the constant of 
motion (fT5|) as q. Then y' can be solved and we get from (fT5l) . 



y ' = -JW- p -i)(y 7 - p -yl~ p ) (is) 

where y 7 c ~ p = cosh 2 ?] + q 2 > 1, denotes the largest turning point where y' vanishes. 
Integrating this equation we obtain, 



e/2 



Jy c 



dy 



2 da = £(q) = 2q / (17) 



yJisP-f - 1) {tf-v - yl- p ) 



Note here that we have taken the boundary A — » oo. Eq. flIT]) therefore gives us the sepa- 
ration between the quark and the antiquark in the dipole as a function of the integration 
constant q. The integral expression for the quark-antiquark separation for the general 
metric including Dp-branes has been given in [12]. It is difficult to integrate the expres- 
sion on the rhs of (IT7|) and write an analytic expression for £(q) in general. However, we 
can give analytic expression for large rapidity rj or large y c and from there we can obtain 
the form of screening length which will be discussed later. 

Now substituting the form of y' from ( TIB"]) into the action ( Fl2l) along with (Tl3l) and 
changing the variable from o to y, we get, 

= TdpxM^ r iy ^-cosh 2 , 



7T(7 - p) »-* Jy c J{y7-P _ 1) ( y 7-p _ y 7-P 
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Note that here we have expressed S completely in terms of the parameters of the gauge 
theory. In order to calculate the quark-antiquark potential we must subtract from it the 
quark and antiquark self-energy Sq. If E(L) is the potential then, 

E{L) = (19) 

Now to compute Sq, we consider an open string along radial direction, i.e. a single 
quark in the same background (J7J) as before and use the static gauge condition r = t, 
a = r, x p = x p (a) and x 1 (a) = x 2 (a) = ■ ■ ■ = x p ^ 1 (a) = constant. With these we evaluate 
the Nambu-Goto world-sheet action and then multiply by 2 to get the contribution for 
two strings. From (|Jj) we get in this case, 




r-p 

1 sinh. a A(r) 



S o = wzzi I dr\l Y + (A(r)C(r) + B{rf) (x p ') 2 (20) 

where A(r), B(r) and C(r) are as given before in (jSJ). Note here that the string stretches 
all the way upto the horizon vq. Now introducing new dimensionless variables as before 
y = r/r and z = x p /(r sinh a) and substituting r /a' in terms of the parameters of the 
gauge theory we get from ( j20l . 



Sa = r4-^(4,^ rjv^rtv + {y7 . P _ t) (fcV (21) 

tx{7-p)—v Ji V v 7 "- 1 \ d yJ 

Since the Lagrangian density in (12T|) is independent of z, the Euler-Lagrange equation of 
motion gives a conservation relation (dC/d(d y z)) = const, independent of y. Denoting 
the constant by q, we get from this, 

dz \ 2 _ 2 V 7 ~ P — cosh 2 rj 



a 2 1 ' (22) 

dyj (y7-v-lf( y 7-v-q>-l) v ; 

Since y varies from 1 to oo, the right hand side can become negative and unphysical for 
arbitrary values of 77 and q. So, in order to get physical solution we must choose the 
constant q = sinh?]. Therefore, we get 

dz sinh 77 / 1 8 — p 7 „\ 

z[y) = const. - ysmhrj 2 F 1 1, , ;y p ) (23) 



dy (y 7 p — 1) \ ' 7 — p' 7 — p 

where 2-^1 is the hypergeometric function. Now substituting dz/dy into (12 ip we get 

^ t&xMw* r dy (24) 

7r(7 — p) 5 -p ^1 
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So, the quark-antiquark potential (|T9|) has the form, 



E(£) 



d 5 f v (4vrT)^ 

2 

7r(7 — p) 5 ~P 




y 7 p — cosh 2 rj 



7-p 



i)(y 



7-p 



(Z/c 



(25) 




0.001 0.01 




Figure 1: (a) shows the plot of quark-antiquark separation £ as a function of integration const. 
q for p = 2 at different rapidities r/ of the dipole. (b) shows the plot of properly normalized 
quark-antiquark potential as a function of £ for p = 2 at the same set of rapidities. 



It is in general not possible to perform the integration on the rhs of ( 125]) and obtain 
an analytic expression for quark-antiquark potential E(£). So, as in |16l[TT], we will first 
plot £(q) vs q for certain particular values of r\ from the integral equation (fTTj) and obtain 
q as a function of £ and then using these q in the integral equation ( 1251) we plot E(£) vs t 
for those values of rj. In [161 EL these plots were given for p = 3, we here give the plots 
for p = 2, 4 and 5 in Figures 1, 2 and 3 respectively. Also for comparison with different 
p's (including p = 3) we give the plot of both £{q) vs q and _E(£) vs £ in Figure 4 at rj = 1. 

We have mentioned before that we are mainly considering the cases with p < 5. This 
is because the constant (expressed in terms of the parameters of the gauge theory by (1T41) ) 
in front of the second expression in f|T2|) is ill defined for p = 5. But no such problem 
arises if we keep the parameters r and a' as in the first expression in f|T2|) of the gravity 
theory. In fact we see from ( jT4|) that for p = 5 we can not express r^/a 1 in terms of the 
parameters of the gauge theory. This may be an indication that in this case the complete 
decoupling does not occur. However, we can still plot £{q) vs q and E{£) vs £, as we do 
for p = 5, keeping the constant in terms of the parameters of the gravity side. Even for 
p = 6 case, it is known that the decoupling does not occur and so, we do not plot the 
functions. 



S 




(a) (b) 



Figure 2: (a) shows the plot of quark-antiquark separation £ as a function of integration const. 
q for p = 4 at different rapidities rj of the dipole. (b) shows the plot of properly normalized 
quark-antiquark potential as a function of I for p = 4 at the same set of rapidities. 

The general features of the plot for p = 2, 4 remain very similar (although the details, 
as shown in Figure 4 below, are quite different) to p = 3 case discussed in [16j EI]- It is 
clear from ( ITTj) that goes to zero as q for small g (for all p) and as g~( 5 ~p)/( 7 ~f) for 
large g (for p < 5). However, for p — 5, it goes to a constant for large g. These can be 
seen in Figures 1, 2, 3. Also, for p < 5, the plots show that it has a maximum £ max in 
between. Beyond this there is no solution of ( IT71) . From Figures 1, 2 we see that the peak 
of the £(q) curve reduces and shifts towards right, i.e, towards a larger value of q as we 
increase r\ or the rapidity. From Figure 4(a), we see that at a fixed value of r/, the peak 
reduces as we increase p and shifts towards left i.e., towards a lower value of q. As £(q) 
decreases from £ max , there are two dipoles at a fixed £ for two different values of q. The 
quark-antiquark potential in general decreases with increasing values of 77 at each p and 
has two branches corresponding to the two values of q. The smaller value of q corresponds 
to the upper branch and has higher energy, whereas the larger value of q corresponds to 
the lower branch and has lower energy. So, the dipole with lower q will be metastable and 
will go to the state with higher q as it is energetically more favorable. 

Also, there exists a critical t] c above which the whole upper branch of the E(£) curve 
is negative. But for rj < t] c the E(£) curve crosses zero at I = £ c , continues to rise till 
£ = -dax and turns back crossing zero again at £ — £' c > £ c . Below £ c , the upper branch 
is metastable. A dipole on the upper branch on slight perturbation will come down to 
the lower branch. At £ = £ c , the dipole in the upper branch and the two isolated string 
configurations (or dissociated quark and antiquark) have the same energy. So, both the 
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(a) (b) 

Figure 3: (a) shows the plot of quark-antiquark separation £ as a function of integration const. 
q for p = 5 at different rapidities rj of the dipole. Here £ saturates unlike in Figures 1 and 2. (b) 
shows the plot of properly normalized quark-antiquark potential as a function of £ for p = 5 at 
the same set of rapidities. There is no lower branch unlike in Figures 1 and 2. 



states can coexist. However with slight disturbance it will settle down to the dipole in the 
lower branch. In the regime £ c < £ < t' c the upper branch has positive energy while the 
lower one has negative energy. So a dipole sitting on the upper branch, when perturbed, 
may either come down and settle in the lower branch or it may dissociate into a free quark 
and a free antiquark. At £ = £' c , the dipole in the lower branch and the two isolated string 
states (or dissociated quark and antiquark) can coexist and both are stable configurations. 
In the domain £' c < £ < £ max both the branches have positive energy and so a dipole sitting 
on either of them will dissociate when slightly disturbed. Beyond £ max no dipole will be 
formed at all. 

Some of these features were mentioned in [T6l ITT] for p = 3, but it continues to hold 
for p = 2, 4 cases as well. For p = 5, since there is no maximum for £(q) plot, there is 
no lower branch in the E(£) vs £ plot. The plot of quark-antiquark potential E(£) for 
different values of p are given in Figure 4(b) for comparison. 

We mentioned before that £{q) in ( TT7|) can not be integrated in general. However, for 
large rj or large y c , we can expand £(q) and then integrate to write a series expansion in 
powers of l/y c as, 
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Figure 4: (a) shows the plot of quark-antiquark separation (. as a function of integration const. 
<7 for different values of p for comparison at rj = 1.0. (b) shows the plot of quark-antiquark 
potential as a function of I for different values of p for comparison at the same 77 = 1.0. 



and on integration this yields for p = 2, 3 and 4, 



p=2 



p=3 



p=4 



r( 



r(f) i , srm i 



5y c 4 L 



10/ V10/ yc VlO' 

r(f) , r(J) i , ar(£ 



+ 



r(l 



£0) i 
sr(|) ^ 



+ 



3r(^ 

32f(f ) Z/ c 8 



+ 



r(|) i r( 



+ 



|r(±) i2vm v i ier(f) y ; 



By truncating the series upto the second term we can calculate 

cases as, 



(27) 
(28) 
(29) 

for the above three 



2 

max 



pp=6 
max 



2 ■ 3 3 / 10 y^r(|) 
8V6V5r(g) 



0.54176 



cosh 5 77 
3 



130 cosn 5 



2V27rr( 



cosh 5 77 
1 



3 a/4 r( i; 



0.74333 



130 C osh 5 77 
1 1 



cosh 2 77 
1 1 



10 cosh 2 77 
1 



cosh 2 77 10 cosh 2 



V 



(30) 



(31) 
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™=4 



4 1 / 3 v / 3^r( 



r(i) 



1.18553 



cosh 3 77 
1 



+ 



+ 



14 cosh 3 
1 



+ ■ ■ 



V 



+ 



(32) 

COsh 3 T) 14 COsh 3 7] 

The quantity L max = (7 — p)£ mssL j (47rT) can be thought of as the screening length of the 
dipole in the medium since this is the maximum value of L beyond which we have two 
dissociated quark and antiquark or two disjoint world-sheet corresponding to E(L) = 0. 
It has been pointed out in [TTJ [TB] for p = 3 that if we set 77 = in the above result 
( 13~TT) which was derived for large 77 is not too far off from the actual result at rj — 
and so the screening length decreases with increasing velocity according to the scaling 
IfZUv) ^ LP=l(0)/ cosher] = L^(0)/VT, where 7 = l/VT^- By looking at the 
similarity of the behavior of £(q) and E(£) for p — 2, 4, with p = 3, we may conclude 
that similar behavior will also hold true for p = 2, 4 well. Then the velocity 

dependence of the screening lengths in these two cases is of the form, 

=2 (0) L p=2 (0) 



L p= 



cosh 5 Tj 



max \ 
3" 

75 



1 



(33) 



(34) 



cosh 3 77 

A general expression for the leading order contribution of the screening lengths for general 

p has been given in [12]. This concludes our discussion on time-like Wilson loop when 

2 

cosh 7 ~p 77 < A and 77 remains finite while A — > 00. 



3 The jet quenching parameter 

2 

So far in our discussion we assumed that the rapidity 77 is finite and cosh 7 -p 77 < A. So, 

the velocity of the string is in the range < v < 1 and the Wilson loop is time-like. 

2 

Now we will consider case (ii), i.e., cosh 7 -? 77 > A. In order to extract the jet quenching 

parameter we take rj — > 00 or v — > 1, so that the Wilson loop is light-like and then take 

A — > 00. (We will be brief here since the jet quenching parameter for (p + l)-dimensional 

Yang-Mills theory has already been given in [161 EE]. But here we obtain it by taking 

v — > 1 limit of the time-like Wilson loop at < v < 1 as was done there for p = 3 case.) 

2 

Note from ( 1121) that since now cosh 7 -? 77 > A, the action is imaginary and we write the 

second expression in (fl"2l as, 

S= .T&XM*T)± f«\„ c (35) 

7r(7 — p) 5 -p Jo 
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where 

17 / ii> 2 \ 

(36) 



As before since the Lagrangian density (|36|) does not explicitly depend on a, the corre- 
sponding Hamiltonian is conserved. So, we have, 

n, r > dC + cosh 2 7] - y 7 ~ p 

U = L-y — = const. = q (37) 

/(cosh 2 ^-^) (l + F^l) 

where we have denoted the constant as q$. The equation (I3TI) can be solved for as, 

1 



T/ = -y/{y 7 - p -i)(v^-v 7 - p ) (3* 

9o 



where y 7 m p = cosh 77 — g 2 . On integration eq. (l38l) gives us, 

^ = 2g / A . ^ — (39) 

Jl ^J(yJn p -y 7 - p )(y 7 - p -i) 

Substituting the value of y' from (138]) into the action (135]) we get, 



x(7-p)»-p A j - yi-vW-r - 1) 



So far we have used only cosh 7 ~p 77 > A. Now for large 77, £ in ( 139]) can be expanded as 
follows, 

2 * ^ * . (-4-,-*^, (41) 



cosh 77 y x ^Jy 7 ~P — 1 cosh 77 ' cosh 77 ' 

Next, as we take 77 — >• 00 the second term in (I4TT) drops out and then taking A — > 00 we 
get, 

n 2g 2 ^ F ( 1 + 2rS)) 

-a p , with, a p = -v 71 " — — 7 \ — (42) 



cosh 77 5 — p 



\7-p 



Further, since L is much smaller than the other length dimensions of the problem I = 
(4irLT)/(7 - p) < 1 and therefore q = (I cosh 77)/ (2a p ) < 1. In this limit, 5(f) in (gOJ 
can be expanded as, 

S^) = S<°> + ggS^ + O(g 4 ) (43) 
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where 



s(0) = .TdT^W** f\, : ^v-y'-> (44) 



TdT>\M**T)*h f A dy 
%>J — 4 ; —2 % 



7r(7-p)»-p Ji J(y 7 -P- l)(cosh 2 7] - y 7 ~P) 



i7ra p \7 — V , 

Here we have used the relations q = (£ cosh?])/ (2a p ) and £ = (4nLT)/(7 — p). From 
physical expectation it has been argued in [T6] that as £ or q goes to zero, is the 
self-energy of the two dissociated quark and antiquark or area of the two disjoint world- 
sheet. Tcosh?7 in (145]) can be identified as L~ /y/2, where L~ is the length of the Wilson 
loop in the light-like direction. Also we use the relation 

(W(C)) = e 2l ^~ s ^ « e ~^ L ~ L2 (46) 

where the factor 2 in the exponent in the second expression is due to the fact that we are 
dealing with adjoint Wilson loop. The third expression is valid for L < 1 and also q is 
the jet quenching parameter. Thus from (146j) and using (145 j) we extract the value of the 
jet quenching parameter as, 

q = ~ % LrL^ " = \T^) (47) 

Substituting the explicit value of a p and d p given earlier it takes the form, 

( TVX) ^ (48) 



AT 2 






5 ~ P (4vr)^r 






f 5-p > 
L 14-2p J 


(7-p)H 



It can be checked that by defining an effective dimensionless coupling constant A c g = 
AT P ~ 3 at temperature T, as given in [16], the above expression fj4*8|) can be recast precisely 
into the form given there as, 

s^rfe) x ^_ 

- H^-ftp 3 A*?" 10 (T) v^(T) T 3 = v^(A^) v^T 3 (49) 

i4-2p y 

where b { p ~ p)/2 = [2 16 - 3 %( 13 - 3 P)/ 2 r((7 - p)/2)]/[(7 - p) 7 ^] and a(A cff ) characterizes the 
number of degrees of freedom at temperature T. 
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4 Conclusion 

To conclude, in this paper using the gravity/gauge theory correspondence and the Mal- 
dacena prescription we have computed the expectation values of the Wilson loops of 
(p + l)-dimensional strongly coupled Yang-Mills theory. These are non-perturbative ob- 
jects and can be related to the observables of quark-gluon plasma obtained in heavy 
ion experiments. We have considered both the time-like and the light-like Wilson loops 
and used the string probe approach to compute them. From the time-like Wilson loop we 
obtained quark-antiquark separation (fTTj) and the velocity dependent quark-antiquark po- 
tential (125]) when the dipole moved through the plasma with an arbitrary velocity v < 1. 
As it is hard to write an analytic expressions for them in general we have plotted these 
functions in Figures 1, 2, 3. We found that the general nature of these functions are very 
similar to p = 3 obtained in [TTl [T6] except for p — 5. To see how the details vary for 
different p's we have plotted the quark-antiquark separation and the potential for various 
values of p at fixed rapidity in Figure 4. We have also obtained the form of screening 
lengths and their velocity dependence in ( 1331) . Although the screening lengths for general 
p have been given in [12] in the leading order in rapidity or velocity, we have given the 
next to leading order corrections to them. By taking v — > 1 limit, the time-like Wilson 
loop reduces to the light-like Wilson loop and from there we obtained the jet quenching 
parameter for the strongly coupled quark-gluon plasma of (p+ l)-dimensional Yang-Mills 
theory whose form was given earlier in [151 IT6] . 
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